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Conformational Change in the ATPase-Gate of Topoisomerase VI Induced
by Nucleotide and DNA
Martin A. Lanz, Dagmar Klostermeier.
University of Mu¨nster, Mu¨nster, Germany.
Archaeal topoisomerase VI catalyzes the relaxation and decatenation of DNA.
In an ATP-dependent manner it transports a DNA double strand through a gap
in a second duplex by a sequential opening and closing of two gates. Confor-
mational change in the ATPase-gate of M. mazei topoisomerase VI was mon-
itored in single molecule FRET experiments, using fluorescently labeled
enzyme with one dye attached to each nucleotide-binding domain.
We have observed four different conformational states of the ATP-binding do-
mains: In the absence of nucleotide or DNA theATPase-gate exhibits conforma-
tional flexibility, indicating gate opening and closing. Binding of supercoiled
plasmid to TopoVI forces the ATPase-gate to open up evenwider, although con-
siderable flexibility of the domains is retained; both these states have been
proposed on the basis of two crystal structures of intact TopoVI holoenzymes,
showing a closed and an open gate conformation. Addition of ADPNP -
a non-hydrolysable ATP analog - induces a well-defined conformation of the
ATPase domains close to each other, indicating dimerization; this is in agree-
ment with crystal structure from isolated TopoVI-B domains which show tight
associationwhen bound toADPNP.Addition of both nucleotide and plasmid im-
mobilizes the domains in a conformation different from the one observed for the
closed gate, indicating that the presence of a DNA segment in the central cavity
induces physical strain to the TopoVI complex; this state has not been proposed
so far, but should be due to an internal rotation in the ATP-binding domains me-
diated by a conserved lysine residue acting as a gamma-phosphate sensor.
Topoisomerase VI exhibits a different conformational behavior than type II
topoisomerases (e.g. gyrase) in that it does not show DNA-induced pre-closure
but rather opening of the gate in presence of a supercoiled DNA.
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Probing Protein-Protein Interactions on the NM Scale using TIRF-PALM
Martin Wiemho¨fer1, Cora S. Thiel1, Juergen Klingauf1, Robert H. Chow2.
1University Muenster, Muenster, Germany, 2University of Southern
California, Los Angeles, CA, USA.
Superresolution beyond the diffraction limit by e.g. photoactivation localization
microscopy (PALM) has become indispensable for studying cellular processes
and structures. PALM offers the powerful possibility to study the distribution of
single labeled proteins in the nm range. The output of this technique is a spatial
point pattern of molecular positions of a given labeled protein ensemble. These
point patterns, however, should contain information about spatial correlations
like clustering. Clustering is characterised by the deviation of the pattern
from the arrangement of independent random events. The random distribution
is given by a Poisson process. Thus, deviations, i.e. the degree and spatial scale
of clustering or repulsion in such patterns provide information about the under-
lying molecular interactions. Here we explored whether spatial statistics based
on k-Nearest Neighbour Analysis, Ripley’s K- or L-functions or pair correlation
analysis can be utilized to determine the stoichiometry of macromolecular as-
semblies in cell membranes. As simple models we expressed fusion constructs
of the Shaker-IR potassium channel or the vesicle membrane protein Synapto-
brevin 2, which is known to dimerize with its transmembrane domain, in the
plasma membrane of HEK293 and HeLa cells. Using quantitative analysis of
TIRF-PALM image stacks we succeeded in counting the exact number of mono-
mers in these membrane protein complexes. Comparison with simulations of
point patterns of different clustering degrees and of differing localization preci-
sion corroborates our finding that TIRF-PALMdata can be used to faithfully ex-
tract information about protein-protein interactions on the nm scale.
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Single Molecule Imaging with Stable 6 NM Quantum Dots
En Cai1, Katie Wilson2, Pinghua Ge1, Marco Tjioe1, David G. Fernig2,
Paul R. Selvin1.
1University of Illinois at Urbana-Champaign, Urbana, IL, USA,
2University of Liverpool, Liverpool, United Kingdom.
Single-molecule imaging of motions in living cells provides great details of cel-
lular events and is crucial for understanding protein functions and cellular pro-
cesses. Among various fluorescent probes, quantum dot is widely used in
labeling target proteins due to their brightness and photo-stability. However,
the hydrodynamic diameter of commercially available quantum dots is often
>20 nm, preventing them from accessing critical regions in cells such as the
synaptic cleft in the case of neurons. In this work, we synthesized stable small
quantum dots (SQD) of 6 nm hydrodynamic diameter and applied them to
several biological systems. The SQD has a short PEG coating to prevent
non-specific binding and is functionalized by streptavidin, enabling its specific
binding to biotin. In motility assay, identical walking behaviors were observedfor motor protein kinesin labeled with SQD and with commercial quantum
dots. We also labeled AMPA receptors expressed in living HEK cells with
SQD and observed diffusion of single receptors in plasma membrane. Small
quantum dot as a fluorescent probe presents huge advantages during in vivo
studies and can be potentially applied to labeling synaptic receptors in live neu-
rons and investigate their transport behavior during synaptic activity.
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Single-Molecule Investigation of Phycobilisome Energy Transfer
Mechanisms
Jonathan M. Kessler, Michael DeSantis, Anthony Kovacs, Shannon Zareh,
Robert Blankenship Y.M. Wang.
Washington University in St. Louis, St. Louis, MO, USA.
Pycobilisomes (PBS) are photosynthetic antenna complexes of cyanobacteria re-
sponsible for capturing and transferring light energy with high efficiency. PBS
has been estimated to transfer the absorbed photon energy to core terminal emit-
ters with above 95% efficiency via the Forster resonant energy transfer (FRET)
mechanism. In order to determine the energy transfer efficiency of whole PBSs,
it is necessary to quantify photon emission properties from intact PBS compo-
nents - PC rods andAPC cylinders. Using single-molecule fluorescence imaging
methods, we have imaged single PBS complexes (Synechocystis PPC6803) and
determined the photon emission distribution of individual PBS complexes by an-
alyzing the size of their intensity profiles [1]. Our results indicate that PBS mol-
ecules emit a sizable fraction of the absorbed light from components other than
the terminal emitters, rendering the energy transfer efficiency<< 95%.We have
also investigated the fluorescence-quenching properties of PBS; results suggest
that each PC rod and APC unit acts as an independent quenching unit (or light
emission unit) with minimal coupling to the terminal emitters.
[1]. S. DeCenzo, M. DeSantis, and Y. M. Wang Single-image separation mea-
surements of two unresolved fluorophores. Optics Express, 18, 16628-16639,
(2010)
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Multicolor Super-Resolution Imaging using a Laser Line Scanning Hyper-
spectral Microscope
Michael D. Malik, Patrick J. Cutler, Jason M. Byars, Keith A. Lidke.
University of New Mexico, Albuquerque, NM, USA.
Single-molecule super-resolution imaging techniques have proven to be suc-
cessful in observing cellular structures with a resolution below the diffraction
limit. However, these experiments often restrict observations to a region of
shallow z-depth near the cover slip due to TIRF imaging or else suffer from
high backgrounds due to wide field excitation. Confocal microscopy, which of-
fers good background rejection, is prohibitively slow and cannot be used effec-
tively for single-molecule localization based super-resolution. Here we
introduce a new method that uses a fast, laser line scanning system that can
be used to image a z-section anywhere within a cell and is not restricted to re-
gions near the cover slip. The line scanning system allows a trade-off between
acquisition speed and background rejection. Emission light is passed through
a prism spectrometer, and a complete spectrum is collected for each spatial
pixel. We exploit this hyperspectral emission path to make simultaneous mea-
surements of multiple fluorophore species in the same sample.
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Photoswitchable Dendrimer Nanoconjugates as Fluorescent Probes for
Super-Resolution Microscopy
Younghoon Kim, Sunghoon Kim, Melikhan Tanyeri,
John A. Katzenellenbogen, Charles M. Schroeder.
University of Illinois, Urbana-Champaign, Urbana, IL, USA.
We demonstrate photoswitchable dendrimer nanoconjugates as a new class of im-
aging probes for general fluorescence and super-resolution microscopy.
Fluorescence-based imaging techniques currently rely on a limited set of fluores-
cent probes, includingfluorescent proteins, organic dyes andquantumdots.Recent
advances in super-resolution imaging techniques such as photoactivated localiza-
tion microscopy (PALM) and stochastic optical reconstruction microscopy
(STORM)havebroken the diffractionbarrier for optical imaging, thereby enabling
observation of biological processes at nanometer-scale resolution. However, the
performance of these super-resolution imaging techniques is intimately related
to the photophysical properties of the ‘‘standard set’’ of current fluorescent probes,
including photoswitchable fluorescent proteins and organic dyes. Overall, there is
a strong need for development of new bright and photoswitchable fluorescent
probes to enable biological imaging with enhanced spatiotemporal resolution.
In this work, we developed photoswitchable dendrimer nanoconjugates (PDNs)
as a new class of probes for fluorescence microscopy, which enables high-
resolution fluorescence imaging. Polyamidoamine (PAMAM) dendrimers were
engineered to contain multiple cyanine dyes, and the photophysical properties
were characterized by single molecule fluorescence microscopy using total inter-
nal reflection microscopy (TIRF-M). We observe that collective interactions in
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times, enhanced brightness and improved localization precision compared to sin-
gleorganicdyes. In thisway,we engineeredPDNsas enhancedfluorescent probes
for super-resolution imaging. PDNs are bright, photostable and nanometer-sized
macromolecular probes that can be synthesized to contain a variety of surface
chemical functionalities for biological labeling and imaging. Based on these ad-
vantages, PDNprobes hold strong promise to findpervasive applications as a new
class of probes for fluorescence microscopy.
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Analysis of Protein Complex Formation on Membrane Surfaces by Single
Molecule Diffusion
Brian P. Ziemba, Jefferson D. Knight, Joseph J. Falke.
University of Colorado, Boulder, CO, USA.
Many signaling pathways are controlled by protein complexes assembled on
membrane surfaces via collisions between diffusing membrane components.
Subsequently, the active, membrane-bound complex often collides with other
effector proteins or lipids on the membrane surface to transmit its essential
downstream signal. Thus, 2D-diffusion of membrane-bound proteins, com-
plexes and effectors plays a central role in signaling biology.We have proposed
that single molecule analysis of membrane protein diffusion on supported lipid
bilayers could provide a powerful approach for studies of complex formation
between membrane-associated proteins (Knight, Lerner, Marcano-Velazquez,
Pastor & Falke (2010) Biophys J 99:2879-87). In principle the approach could
yield information about complex stoichiometry, stability, and kinetics, and
about specific lipid requirements for complex formation. Here we test these
ideas using a simple model system in which membrane-bound pleckstrin ho-
mology (PH) domains are forced to dimerize by the calcium-triggered associ-
ation of calmodulin (CaM) and its target peptide from skeletal muscle light
chain kinase (MLCKp). Two fusion protein constructs (CaM-PH) and
(MLCKp-PH) have been generated and bind normally to the PH domain target
lipid, PIP3. Single molecule TIRF analysis of CaM-PH diffusion reveals that in
the presence of calcium and MLCKp-PH a stable CaM-PH/MLCKp-PH heter-
odimer is formed on the membrane surface that diffuses approximately 2-fold
more slowly than the single CaM-PH molecule. Addition of excess EDTA to
chelate calcium reverses the dimer back to monomers. Substoichiometric levels
of MLCKp-PH yield a mixed population of monomers and dimers, and the two
populations can be resolved by single molecule analysis. Overall, the findings
indicate that single molecule diffusion provides a useful new window into
many critical, molecular features of protein complex formation on membrane
surfaces. [Supported by NIH grant GM063235.]
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On the Hydration of the Phosphocholine Headgroup in Solution
Sylvia McLain1, Chris Lorenz2, Aleksandra Dabrowska2, Jayne Lawrence2.
1University of Oxford, Oxford, United Kingdom, 2King’s College London,
London, United Kingdom.
The hydration of the phosphocholine headgroup in 1,2-dipropionyl-sn-glycero-
3-phosphocholine in solution has been determined by using neutron diffraction
enhanced with isotopic substitution in combination with computer simulation
techniques. The atomic scale hydration structure around this head group shows
that both the -N(CH(3))(3) and -CH(2) portions of the choline headgroup are
strongly associated with water, through a unique hydrogen bonding regime,
where specifically a hydrogen bond from the C-H group to water and a strong
association between the water oxygen and N(þ) atom in solution have both
been observed. In addition, both PO(4) oxygens (P=O) and C=O oxygens are
oversaturatedwhen compared to bulkwater in that the average number of hydro-
gen bonds fromwater to bothX=Ooxygens is about 2.5 for each group. That wa-
ter binds strongly to the glycerol groups and is suggestive that water may bind to
these groups when phosophotidylcholine is embedded in a membrane bilayer.
Computational Biology
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IPAVS: Integrated Pathway Resources, Analysis, and Visualization System
Pradeep Kumar Sreenivasaiah, Shilpa Rani, Joseph Cayetano,
Novino Arul, Do Han Kim.
Gwangju Institute of Science and Technology, Gwangju, Korea, Republic of.
IPAVS is an integrated knowledgebase that offers biologists a single point of
access to several manually-curated pathway resources along with its own
expert-curated pathways. IPAVS currently integrates over 500 human pathways
(consisting of 25,000 interactions) and mainly includes metabolic pathways,
signaling pathways, disease pathways and several large processes maps curated
using CellDesinger software. Systems Biology Graphical Notations (SBGN)
and KEGG pathway notations are used for the visual display of pathway infor-
mation. IPAVS also provides a web-based interface that: 1) allows biologists tobrowse and search pathway resources; 2) provides tools for data import, man-
agement (filter, group), and comparisons; 3) offers intuitive visualization and
variety of enrichment analysis methods to support the interpretation of biolog-
ical data in light of cellular processes; and 4) offers basic features for commu-
nity participation and collaboration. IPAVS can export pathways into variety of
standard data formats such as SBML, BioPax and XGMML that can be readily
imported and worked with modeling and simulation, or network analysis and
visualization software tools. IPAVS enables biologists to do systems biology
and employ systems methodologies in their day to day research and produce
testable hypothesis. IPAVS is freely accessible at http://ipavs.cidms.org.(Sup-
ported by KoreaMESTNRF grant (2011-0002144), the 2011 GIST Systems Bi-
ology Infrastructure Establishment Grant and KISTI-KREONET).
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Pathway Commons at Virtual Cell: Use of Pathway Data For Mathemati-
cal Modeling
Michael L. Blinov, Oliver Ruebenacker, James C. Schaff, Leslie M. Loew,
Ion I. Moraru.
University of Connecticut Health Center, Farmington, CT, USA.
Mathematical models of biological systems are rapidly proliferating and many
are nowpublicly available. However, their distribution and sharing is limited be-
cause in the absence of extensive accompanying documentation, there is a signif-
icant barrier for understanding and reuse. The Virtual Cell (VCell) is a modeling
and simulation framework designed for building of awide range ofmathematical
models; more than 3,000 users created more than 29,000models, of whichmore
than 500 were made public in the VCell database. There is a strong need for
methods and tools that enable users to easily create well-annotated models.
On the other hand, a large number of public databases provide huge collections
of well-annotated physical entities and molecular interactions. Most provide
data in RDF-based ontology formats (such as BioPAX) which typically cannot
be converted to XML-based modeling formats without loss of information. To
resolve this issue, we introduced two new concepts (encoded in VCML), a Path-
wayModel and a RelationshipModel, which allow unambiguous storing of data
extracted from pathway databases and the mapping of pathway elements to
model entities.We used this technology to implement a new interface thatmakes
available the Pathway Commons collection of databases as a resource that every
VCell modeler will have at his/her disposal. Using a customized query interface,
one can search pathway databases from insideVCell, import and store the entries
of interest alongside amathematical model, and create a newmodel based on the
pathwaydata or link existing elements of themodel to pathwaydata entities. This
capability can help researchers to make annotatedmodels that are easier to share
with the community, as well as quickly create first iterations of a quantitative
model from a wealth of well-annotated biological data.
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Partial Reconstruction of Biological Networks from Perturbation
Experiments
Maxim Artyomov.
Broad Institute, Cambridge, MA, USA.
Screens monitoring the effect of deletion, knock-down or over expression of
regulatory genes on their target gene expression are critical for deciphering
the organization of complex regulatory networks. However, since perturbation
assays cannot distinguish direct from indirect effects, the derived networks are
significantly more complex than the true underlying one. Previous approaches
to identify a minimal network topology consistent with the results of a pertur-
bation screen only presented approximate methods with major limitations and
are often applicable only to simple network topologies. We present an approach
to systematically find a family of core networks for an input network of any to-
pology with an arbitrary number of activating and inhibiting interactions. Based
on this approach we introduce distance measure between two different network
topologies and propose method to address evaluate underlying network struc-
ture based on the perturbation experiments.
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A Parallel Algorithm for Reverse Engineering Gene Regulatory Networks
Jason Bazil, Feng Qi, Daniel A. Beard.
Medical College of Wisconsin, Milwaukee, WI, USA.
Dynamic biological systems, such as gene regulatory networks (GRNs) and pro-
tein signaling networks, are often represented as systems of ordinary differential
equations. Such equations can be utilized in reverse engineering these biological
networks, specifically since identifying these networks is challenging due to the
cost of the necessary experiments growing with at least the square of the size of
the system. Moreover, the number of possible models, proportional to the num-
ber of directed graphs connecting nodes representing the variables in the system,
suffers from combinatorial explosion as the size of the system grows. Therefore,
exhaustive searches for systems of nontrivial complexity are not feasible. Here
